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* Physics motivation
* Accelerator and detector design
* Physics possibilities
* Timeline and outlook
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O Physics Motivation for ep/eA in TeV range

Details of parton structure of the nucleon (from ep,ed/eA), full
unfolding of PDFs. Measurement of GPDs and unintegrated PDFs.

Mapping the gluon field down to very low x. Saturation physics.
Heavy quarks, factorization, diffraction, electroweak processes.

Properties of Higgs. Very good sensitivity to: H to bbar, H to WW
coupling in the 120-130 GeV mass range.

Searches and understanding of new physics.Very precise measurement
of the coupling constant. Leptoquarks, excited leptons...

Deep inelastic scattering off nuclei (lead and deuteron). Nuclear
parton distributions. Pinning down the initial state for heavy ion
collisions.

Understanding nuclear effects of QCD radiation and hadronization.
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ep/eA collisions

7 TeV
2.75 TeV /nucleon

3.5 TGV/IIU.CIGOII deuteron
50 — 150 GeV

Vs~1—2TeV

® Requirements:

* Luminosity~ 1033 cm™s!.  eA:Len~1032 cm-2s”!
* Acceptance: |-179 degrees

(low-x ep/eA).

*Tracking to | mrad.

* EMCAL calibration to 0.l %.

* HCAL calibration to 0.5 %.

* Luminosity determination

to | %.

* Compatible with LHC

operation.

lead
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LHeC kinematics
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How Could ep be Done using LHC?

... whilst allowing simultaneous ep and pp running ...

RING-RING ©
LINAC-RING
e First considered (as LEPxXLHC)  Previously considered as QCD
in 1984 ECFA workshop explorer’ (also THERA)
e Main advantage: high peak e Main advantages: low interference

lumi obtainable (~2.1033 cm2 s) with LHC, high E_ (= 150 GeV?) and
lepton polarisation, LC relation

e Main difficulties: building

round existing LHC, e beam e Main difficulties:

energy (60GeV?) and lifetime no previous experience exists

limited by synchrotron radiation .
preferred option



Accelerator design in linac-ring option

fune-up dump 10-GeV linac comp. RF

injector

20, 40, 60 GeV

10, 30, 50 GeV

total circumference ~ 8.9 km

«— 10-GeV linac
0.03 km

500 MeV injection, 3 turns, 2 linacs, |0 GeV
energy recovery, 90% polarisation

Higher energy:
7.9 km . V 140 GeV linac
, N ILC type
injector 140-GeV linac — dump 31.5 MV/m
final focus without energy recovery

lower luminosity
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Detector Acceptance Requirements

Access to Q%=1 GeV?Z in ep mode for
all x > 5 x 107 requires scattered

electron acceptance to 179°
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Detector design

diP0|eS forward tracker SOIeHOid central tracker dip°|es

»
calorimeter §- calorimeter
inserts inserts
backward
tracker
hadronic
calorimeter

muon detector electromagnetic calorimeter

Forward/backward asymmetry in energy deposited and thus in geometry and technology
Present dimensions: LxD =14x9m2 [CMS 21 x 15m?2, ATLAS 45 x 25 m?]
Taggers at -62m (e),100m (y,LR), -22.4m (y,RR), +100m (n), +420m (p)
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Impact of LHeC on PDFs: zoom on{low x
* Experimental uncertainties are shown at the starting scale Q?=1.9 GeV?
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Impact of LHeC on PDFs: zoom on{high x

* Experimental uncertainties are shown at the starting scale Q*=1.9 GeV?
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Longitudinal structure
function simulation.
Electron energies and
luminosities:

Studies also done with

lowered proton energies.

Maximum y for all beam
energies can be high.
Results from both
simulations are similar.
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Simulations with RAPGAP MC 3.1

Impressive extension of the phase space.
Both small and large x.

Heavy flavor in ep
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Q* (GeV?)

Q* (GeV?)

x = 1,0E-06,
x = 1,8E-06,
x = 32608,

x = 1,8E-05,
x = 3,2E~05,
x = 5,6£-05,
x = 1,0E-04,
x = 1.8E~-04,
x = 3.26—04,
x = 5,6E-04,
x = 1,0E-03,
x = 1.86~03,
x = 3.2E-03,

x = 5,6E-03, j
x=1,0E~02, j
x= 18602, j
x= 326-02, j
x = 5,6E-02, j
x=1,0E~01, j
x= 1,86-01, j
x=3.2E-01, j
x = 5,6E-01, |

Crucial as a benchmark for the heavy flavor production in nuclei. Can test thoroughly the nuclear

effects of in heavy quark production.



Dijets in ep

—1 < mjex < 2.5 0.1 <y <0.6
Eip > 7 GeV Q° > 5 GeV?
Es > 5 GeV

e All simulations agree at large x.
e CDM, CASCADE give a flatter
distribution at small x.

Incoming gluon can have sizeable transverse
momentum.

Decorrelation of pairs of jets, which increases
with decreasing value of x.

Collinear approach typically produces narrow
back-to-back configuration. Need to go to
higher orders(NLO not sufficient).

Similar process can be studied in eA, sensitivity
to density effects.

i 50 e x 7000 p
F—— MEPS

-~ CDM

SRRIE CASCADE

- 1107 <x<110°[

110%<x<

110°[

110%<x<110*

110% <x<1103|

wwwww

1103 <x <




X b] X b_] small o

evolution
from large Y
to small x

"forward’ jet
_ Ejet

X, =

Jet Eproton

= large

Simulations for

© >3 and O > 1°

Angular acceptance crucial for this
measurement.

With O > 10°

all the signal for forward jets is lost.

Can explore also forward pions. Lower rates but
no dependencies on the jet algorithms. Non-
perturbative hadronisation effects included
effectively in the fragmentation functions.

Forward jets

Forward jet provides the second hard scale.

By selecting it to be of the order of the photon
virtuality, collinear configurations can be suppressed.

Forward jet, large phase space for gluon emission.

DGLAP typically underestimates the forward jet
production.
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Nuclear ratio for structure
function or a parton density:

R4 (2,Q%) =

H-C Nuclear structure functions at LHeC

[ (2, Q%)
A fN(z,Q?%)

[ Nuclear effects

RA;élj

R (x,5 GeV?) -

. +++ FGS10
- e nDS .
02~ —— HKNO7 Data: LHeC .
OTS ....|4 L ......|_3 L ......|_2 L ......T_1
10° 10° 10 10 10
X

LHeC potential: precisely measure partonic structure of the nuclei at small x.

1.2_—

Re (x,5 GeV?) -

Data: LHeC

10™ 10°° 102 10
X

Nuclear structure functions measured with very high accuracy.



Nuclear parton distributions at LHeC

Global NLO fit of nuclear PDFs with the LHeC pseudodata included

Much smaller

Pb uncertainties.
Rg

o | | |
L ™ EPS09NLO 5;
2 g A NN 10
‘ﬂi .............. i 08
(@\]
> 0.6
S8 .
s 04  Very large constraint on
= 0.2 the low x gluons and
- 1 14 sea quarks with the
@\l :
> i f h A4 12 L HeC pseudodata .
(D b "W . "-‘_f::._ . B -~ kbl P 1.0
= ' M '
ch> : L 0.8
(‘\1@ — | - 0.6
g 041 Q=100 GeV’ - B 0.4
2. 02+ - — 0.2
= 0.0 i | | | i | | | T | | | 0.0

100* 10° 107 10" 10* 10° 107 10" 10* 10° 10% 10" 1

X X X



LH:C Radiation and Hadronization

* LHeC can provide information on radiation and hadronization.
* Large lever arm in energy allows probing different timescales.

 Important for HI collisions .
, 1 dNk /1 dNy
By 0.5 @) = e o | et

Low energy: hadronization inside 4 dvdz Ng dvdz
1/x
10 107 10° 10* 10°
~ 1'1 K | llllllll | llllllll | llllllll LI lllllll LI lllllll L RLLL
>
v
O L R e i ettt s - B T N A M M
o~ il
I o9 F /
N - ’/
e/ . /
0 o8| //'
High energy: partonic evolution @ /
altered in nuclear medium N ME /
?/ 0.6 - MSTWO8LO, qhat=0
F Ok MSTWOBLO+EPS09, ghat=0
@é o5 [ MSTWOBLO+EPS09, qhat=0.72, L
— == ; MSTWOBLO+EPS09, qhat=0.72, tim
0-4 '-—l 11 Ll llllll 1 1 Illllll | B | IlIllII L1 llIIlIl 1 1 llllll

10 10° 10* 10° 10°

v (GeV)



Diffraction

N Q*+ M3 —t momentum fraction of
1 " Q? + W?2 the Pomeron w.r.t hadron
2
) X (M) 8 = Q ' momentum fraction of
2
| Q° + My —t parton w.r.t Pomeron

rp; = Tpf

‘2 —'.‘ ~ ~
[_% 10 85— Diffractive event yield (x;; <0.05, Q™ > 1 GeV")
Diffractive Kinematics at x,,=0.01 : : - : _ .-
P Diffractive Kinematics at x,=0.0001 ! - o LHeC (E, =50 GeV,2 b
N 3 lO = & -
o Current HERA Data / “% - : Ce, ® HERA (500 pb™)
S w1l [JLHeCE, = 20 GeV A6 Current HERA Data - .,
oS =~ a ~ - at
© []LHeC E, = 50 GeV Y & % [ JLHeCE,=20Gev =~~~ -~ 0% o e,
10?2 eyl E A E -
LHeCE_=150 GeV ~ -~ - Ay g - .
= . - [ ILHeCE,=50GeV.” - B oo
to° S Y ] A 10k * Ty
ey Y : LHeCE, =150Gev7/ , : - *,
'E Y 0% -
1 / g ,,/ /:;/ / v 4 :
10 3 - / :/_,f"r’ﬂ_ 10 3:—
S P ,/4_/ =
2//:;;:‘4:/ : 1 1 1 1 l 1 1 1 1 l 1 1 1 1 l 1 1 1 1 l 1 1 1 1 l l+v
“a 10 L& : - 0 50 100 150 200 250
10 ! 10™ 107 10 107 1
B B M, / GeV

New domain of diffractive masses

Methods: Leading proton tagging, large rapidity gap selection Mx can include W/Z/beauty
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| gap
=/ coherent
A

Diffractive structure function for Pb

«0.15

5, 0.1
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Inclusive diffraction in eA

incoherent

Diffractive to inclusive ratio for
protons and Pb

/B

Xpby

0055 T 7

0.05

0.045

g o004l

0.035

003

0025

T T I T T T
G—O p. bege, Q2= 8 beta=0.4
[3—£] Pb, bege Q2=8 beta=0.4

P, ipsat Q2 = 8 beta=04

A4 Pb, ipsat Q2=8 beta=04

\_

Enhanced diffraction in the

nuclear case

Study of diffractive dijets, heavy quarks for the factorization tests
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Factorization in diffraction

Inclusive diffraction

i

> M,
\J
Xp
1
-~

Diffractive dijets

Q* .
c P
y ~ Hard matrix element
¥ calculable within pQCD
. 1 X
t
e =
O
S q jet2
P
IP -remnant
P My
Xp
p -

QCD factorization holds for inclusive and exclusive processes if:

* photon is point-like (Q? is high enough)

* higher twist corrections are negligible (problems for small Q2 around p=1)
QCD factorization theoretically proven for DIS (Collins 1998)

do’(yp2>Xp)= D, fl(B,Q%xp,t)xd&" (x,Q%)

parton,

D
fi ]

DPDFs, obeys DGLAP evolution, process independent

dG”' Process dependent partonic x-section, calculable within pQCD

~ Talk by Radek Zlebcik in Chavannes-de-Bogis
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Talk by Radek Zlebcik in Chavannes-de-Bogis

DIS Dijets HERA vs LHeC
Comparison of Synthetic Data

Higher CMS energy makes higher scales
accessible P
)

EX'~15GeV

LHeC
EX"~40GeV

920 + 27.5 HERA (400 pb ™)

Calculated at parton-level
= by NLOJET++
= - adapted to diffraction

- - Only statistical errors plotted

. . lec

+ -

HERA
"
Scale uncertainty H

1!I|IIIIIIIIllilllllllllIl!llllllllll!l]llll

Q°>4GeV’A0.1<y<0.7
x,<0.03At|[<1GeV’
M,<1.6GeV
EX'>6GeV
EF?>4GeV
—1<1*<2

7000 + 60 LHeC (10fb™ ")

10 15 20 25 30 35 40 45 50
[GeV]

jet1

E"

Q°>2GeVA0.1<y<0.7
X ,,<0.01A|t|<1GeV?
M,<1.6GeV

EX">10GeV
Er“>6.5GeV
- 3<njets< 3

Q°>2GeV’>0,<178.5° 7
Q°>4GeV’>0,<176.5°




Talk by Radek Zlebcik in Chavannes-de-Bogis

Diffractive Dijet Photoproduction

Direct

No photon remnant

X, =1 (at parton- Ievel)
Dominant for high Q

(near DIS region)

e/
2
€ _ Q,/‘/
y
Y
. X
jetl
q =
O
g Zp q jet2
IP -remnant M
P X
Xp
p [

Resolved

photon remnant
x,<1

Domlnant for low Q y-PDF introduced:

Y y
X, - photon
momentum A
fraction
B E]Tetl e—n +E]Tet2 e—n
XY_ 2 Ebeam g
y L&,
P
p e

y -remnant

Xy jetl

q e

— O
Zp q jet2

IP -remnant

MX

Additional
interactions
which spoil

\ rap. Gap?
| (like in pp)
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Talk by Radek Zlebcik in Chavannes-de-Bogis

PHP Dijets HERA vs LHeC

 Due to much higher EX*jets at LHeC is LHeC
better tool to investigate possible
factorisation breaking

HERA LHeC
jetl [i/ jetl
E; ~17GeV E; ~42GeV

— No suppression assumed

10"
102
1073

10

_IIIIII|T| IIIIIIIIl IIIlII|T| IIIIII|T| IIIIII||'| IIIIII|T| IIIIII||'| ||1|IIIII
.I.
I

e
T+
+‘i‘+
1 0 - 5 L1 | 1 L1 1 | L1 1 1 i | I | | | - 11 | L1 1 1 | L1 1 | | L1 1 1 | L1 1 1 |
10 15 20 25 30 35 40 45 50

E" [GeV]

Only statistical errors of synthetic data depicted
No acceptance and detector smearing effects take into account

Calculated at parton-level
by Frixione NLO
adapted to diffraction

920 + 27.5 HERA (400 pb ')

Q’<2GeV°A 0.2<y<0.8
x ,,<0.03A|t|<1GeV?
M,<1.6GeV

EX'>6GeV
E*“>4GeV
_1<njets<2

7000 + 60 LHeC (10fb™ ")

Q°<2GeV°A0.2<y<0.8
x ,<0.01A|t|<1GeV’
M,<1.6GeV

EF'>10GeV
EX?>6.5GeV

_3<T]jets<3
11




LH:O Exclusive diffraction

® Exclusive diffractive production of VM is an
excellent process for extracting the dipole
amplitude and GPDs

® Suitable process for estimating the ‘blackness’ of
the interaction.

® t-dependence provides an information about the
impact parameter profile of the amplitude.

"b-Sat" dipole scattering amplitude with r =1 GeV''

1.0 —— ——
i Unitarity limit: N(x,;r,b) =1 - d /
0.8 . I |
2065 . - /” <——— Central black
= - region growing
“ (figure | with decrease of x.
from C. Weiss.) /

Large momentum transfer t probes small impact parameter
where the density of interaction region is most dense.



LH L Exclusive diffraction: predictions

o P I/ EP ()

(W)
e Db-Sat dipole model (Golec-Biernat,

Wuesthoff, Bartels, Motyka, Kowalski,Watt)
*  eikonalised: with saturation

o | -Pomeron: no saturation
YP— Jhp +p
’_é‘ 1200: L ] Hec centitial "Ial;es' f:n')m' o - Large effects even for the t-
= a * Hi extrapolating HERA data: i integrated observable.
» 1000 | © 2EUS = olrp) = (2 %6 nb)(W/GeV)‘iZ%‘—— ]
B LHeC Simulation : ]
- —— b-Sat (eikonalised) e _ . . .
8001~ |- b-Sat (1-Pomeron) - Different W bef.\awc.)r.dependlng
i s R ; i whether saturation is included or
600 ‘ = not.
400 5 (=106 E/ =150 GeV  — Simulated data are from extrapolated
i 5 _ . _
- T E.= 50GeV - i fit to HERA data
- - zoeev ' . . -
200 B é Vertlcal (dotted) lines |nd|cate values of i
1 W,y =\S =\ 4E,E, at the LHeC with E, =7 TeV. _ LHeC can distinguish between the
% 500 1000 1500 2000 2500 different scenarios.

W (GeV)
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YP—=Jp+p
‘\T\ 104 L I I I L O O =
> - 1t = 0.10, 025 049 103 175__(_3_.9)_/_2__5
o o
O 10%F i .
Q - S 5___.----"';"'""-""?-"" : ]
5 2_ ,—"'——_:—::é.........:..-......? ...... |
o 10 / ; I — __________ §
2 ol
1 . ‘_,.-—"" ------------ | _E
Al RIS ’
10 LT T E
::::::L(dottedi;i:es i:dicateé E - 150 GeV :
10-2 : atlthe Ll-:evc\:,wuth\lsr \{E . E -160 GeV E
i . E.= 50 GeV ’ .
3 E.= 20 GeV ' LHeC Simulation 1
1 O- E_ ——— b-Sat (eikonalised) _§
- LHeC central values from ______ b-Sat (1-Pomeron) E
| extrapolating HERA data. : i
- oo b b b b
10 4 | | | E
0 500 1000 15002000 2500
W (GeV)

“Exclusive diffraction: t-dependence

Photoproduction in bins of W and t.

Already for small values

of t and smallest

energies large discrepancies between the
models. LHeC can discriminate.

Large values of t : increased sensitivity to small
impact parameters.

0.1

0.05

Amplitude as a
function of the impact
parameter.

dIm A(yp > JApp)/db (GeV')

S

' T T T
— b-Sat (eik.)
—--- b-Sat (1-IP)|

W =300 GeV /

0.1 1 10



LHC  Exelusive diffraction on nuclei

Possibility of using the same principle to learn about the gluon distribution in the nucleus.
Possible nuclear resonances at small t?

YA > J¥A
_ =0 Energy dependence for
> Lead different targets.
< —  b-Sat e : :
£ & b-NonSat < - Nuclear modification factor for
-’ > : t=0, =0 .
= We-400.CoV S gluon density squared
_8 g & nosat,
: ;
............................................. 2 '
with breokup I proton

Calcium|
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008 0.1 0.12 0.14 0.16 0.18 W (GeV) X
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i | T

By Jor o] e
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t-dependence: characteristic dips.
Challenges: need to distinguish between coherent and
incoherent diffraction. Need dedicated instrumentation, zero
S degree calorimeter. y
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Exclusive processes: DVCS

MILOU generator using Frankfurt, Freund, Strikman model.
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Unification of coupling constants!?

—1

8%

25

24

“ Measurement of strong coupling

case cut [Q? in GeV?] | ag +uncertainty | relative precision in %
HERA only (14p) Q> >35 0.11529 0.002238 1.94
HERA+jets (14p) Q? > 35 0.12203 0.000995 0.82
LHeC only (14p) Q? >3.5 0.11680 0.000180 0.15
LHeC only (10p) Q? =35 0.11796 0.000199 0.17
LHeC only (14p) Q? > 20. 0.11602 0.000292 0.25
LHeC+HERA (10p) Q?>35 0.11769 0.000132 0.11
LHeC+HERA (10p) Q?>17.0 0.11831 0.000238 0.20
LHeC+HERA (10p) Q? > 10. 0.11839 0.000304 0.26

Q [GeV]

LHeC: per mille accuracy

Strong coupling is least known of all couplings

Grand unification predictions suffer from uncertainty

Verify at large values of photon virtuality, smaller influence of HT
effects




LHeD Higgs at the LHeC

/ Signal \
CC:H — bbb (BR~ 0.7 at M,;=120GeV)

o~ 0.16 pb
at Vs=2.05TeV

CC Higgs production cross-section
(Mg = 120 GeV)

Electron 50 100 150
beam energy | GeV | GeV | GeV

(fb)

Higs can be studied at the LHeC.
High rates in CC interactions.
bbar channel cleaner at the LHeC.

Necessary to confirm the SM Higgs.

o (fb)

\\ .
as a function of my
103 |
] cc e_p .....................................
Cc e-;P ............................
10 : Nc e' p ..................
[ 1 | | L L TSI ] At RN o PR S S SR S S MU S
100 125 150 175 200 225 250 275 300 325
M, (GeV)
- : "] " |7 e Higgs + background
0 10 = —> € =
(@) E CCbackground 2]
= BUE ‘ =
. g NC bbj background
= B x
© 5L =
% = ]
E AWk -I- E
o : 3
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20 £ P o
10 z FE siom N .
O T e el P (b S S b S-S G e Oy Sl i —— Ay E— - - .-.-v'-‘.-.,'-3~.~-'j
60 80 100 120 140 160 180 200

Higgs production cross-section
at Vs = 1.98TeV (E,=140GeV, E_=1TeV)

M, ,; (GeV)



Talk by Masaki Ishitsuka at

LH.C H'us at the LHeC Chavannes-de-Bogis

Signal and background cut flow

150 GeV

= Electron beam

= SM Higgs mass IVVNC\ANN + b-tag requirement 178 1620 179 0.92x102 4.21
= Luminosity 10 fb-! + Higgs invariant mass

m 84.6 29.1 18.3 1.79 12.3
E_=150GeV |E,=60GeV
m Beam energy: (10 fb-1) (100 fb-!)

= Electron beam 150 GeV = 60 GeV H — bb s1gnal 84.6
= Proton beam 1TeV

m SM Higgs mass 120 GeV S/N 1.79 1.05

® Luminosity 10 fb-! = 100 fb"! S/\N 12.3 16.1

m We can explore other channels

» NC Higgs production in ZZ fusion
m Other light Higgs decay channels



LH (‘ Monica d’Onofrio talk at Chavannes-de-Bogis
* Impact of LHeC on searches for New Physics

» M.Kramer and R.Klees working on impact of improved PDF fits on theoretical
predictions for SUSY process:
Example: gl-gl production (assuming m_gl = m_sq) Improve of

: : factor of 2-3 @ 2 TeV
without(blue, CTEQ6) and with (green) LHeC PDF factor of 10 at 3.5 TeV

preliminary

PDF-Errors for pp -> gluino + gluino + X

—— LHCE_NLO
— CTEQ6
s | — LHEC_NLO

210

sigma/sigma_cteq6

2500 3000
m_g = m_sq [GeV]

1 TeV 2 TeV 3 TeV 4 TeV 5 TeV

Precise determination of the PDFs at higher scales absolutely
necessary for searches of New Physics.




Draft LHC Schedule for the coming decade

2010

2011

2012

2013

2014

2015

2016

M J J] ASOND

JFMAMJJASDNDJFMAMJJl

A'S OND I FMAMI I} ASONDI FMAMI I ASONDIFMAMI I ASOND:I

iFMAMJJASOND

LHC LS1
Machine:Splice Consolidation & g
Collimation iniIR3 §
ALICE - detector completion E
£
TLAS - Consolidation and new forward 5
m pipes =
CMS - FWD muons upgrade +
Consohlidation & infrastrastructure
LHCb - consolidations
?Cryo-collimation point
Injectors
SPS upgrade [ 2 SPS - LINAC4 connection & ? PSB energy upgrade ]
2016 2017 2018 2019 2020 2021 _
1 FMA»M~J‘)AA15 O:N.‘D JA‘,MA:M J.JVA S,OA" D‘JV$MAAMAJ‘J‘A SAOAN‘D 1 FMAM:]»J.A'S OLNDJVF%MAM:J.JAﬂrs O,N DA) FVMA.MVJ‘JAASQ |
LHC Ls3
g Machine: Collimation & prepare for
g crab cavities & RF cryo system g § Installation of
é ATLAS: new pixel detect, - detect. g g the HL-LHC
for ultimate luminosity.
] E E hardware.
= ALICE - Inner wertex system g E 3
n ¢ Installation of
CMS - Now Pixel. Now HCAL 8 & LHeC
Photodetectors. Completion of > x €
FWD muons upgrade Preparation for
LHCb - full tngger upgrade, new HE-LHC
vertex detector etc.
Injectors

as shown by S. Myers at EPS 2011 Grenoble




Summary

LHeC has rich and unique physics program, DIS essential part of HEP.

Precision QCD and Electroweak studies. Understanding the regime of
small x. Constraints on BSM physics.

eA program (DIS of lead nuclei and deuteron) has complementarity
with pA and AA physics. Pinning down the initial state in nuclear
collisions.

Conceptual Design Report supported and monitored by CERN, ECFA
and NuPECC, has been published.

Next steps:

Presentation in European Strategy for Particle Physics meeting in
Cracow in September 2012.

Collaborations are soon to be build for further design, machine and
detector.

CERN mandate for Technical Design Report in 2015.
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40— T=T-T-TErer &
- CTEQ 6.5 parton
3.5F distribution functions .
Q? =10 GeV?

3.02_ gluons :
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Fraction of Overall Proton Momentum Carried by Parton

HERA established strong growth of the gluon
density towards small x
Parton saturation: recombination of gluons at
sufficiently high densities leading to nonlinear
modification of the evolution equations.
Emergence of a dynamical scale: saturation
scale dependent on energy.

Low X and saturation

Y =In1/x4

Saturation
INQ%(Y)=AY

Q%(z) = Q3 =z

Dilute system

BFKL

DGLAP
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2
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What we learned from HERA about saturation?

Linear DGLAP evolution works well at HERA.
Hints of saturation at low Q and low x: deterioration of the
global fit in that region.
Large diffractive component.

Success of the dipole models in the description of the data.
The models point at the low value of the saturation scale
LHeC would provide an access to a kinematic regime where the
saturation scale is perturbative



L CStrateg)( for making target more ‘black’

LHeC would deliver a two-pronged approach:

[fixed Q]

In 1/x
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LHed Nuclear physics in eA

complementarity to pA,AA at LHC

Gluons from saturated nuclei = Glasma? - QGP = Reconfinement

Precision measurement of the initial state.
Nuclear structure functions.
Particle production in the early stages.

Factorization eA/pA/AA.

Modification of the QCD radiation and hadronization
in the nuclear medium.



LHO Detector : tracking system

Transverse momentum
Ap,/p% = 6x104 GeV'

transverse impact
parameter-> 10 ym

Central Pixel Tracker

~

/4 layer CPT:
min-inner-R = 3.1 cm
max-inner-R = 10.9 cm

AR =15.cm
\

/" €ST - AR 3.5cm each N
|. layer:inner R = 21.2 cm
2.layer: =25.6 cm
3. layer: =31.2cm
4. layer: =36.7 cm

\_ 2 layer: =427 cm )

Central Forward/Backward Tracker

4CFT/CBT
min-inner-R = 3.1 cm, max-inner-R = 10.9 cm

Forward Si Tracker

/FST - AZ=8.cm

min-inner-R =
outer R =46.2 cm
Planes |-5:

zs.1 = 370./330./265./ 190./ 130.cm

3.1 cm; max-inner-R=10.9 cm

~

/

Backward Si Tracker

e
BST - AZ=8.cm
min-inner-R = 3.1 cm; max-inner-R= 10.9 cm
outer R =46.2 cm
Planes 1-3:
z1-3=-130./-170./ -200.cm
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Dipoles & Hadronic Calorimeter \
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LH-O F),

Fi. structure functions at low X

Precision measurements of structure functions at very low x: test DGLAP small x,
saturation inspired approaches.

7
E Linear approaches
: F,(x,Q%=10 Gev?) ~ —reaZRRRCLAcs
6 NLO DGLAP
b, NNPDF 1.0
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S0 Non-Linear approaches
4L RSN "7 Eikonal Multiple
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Non-Linear approaches

Linear approaches
NLO DGLAP
NNPDF 1.0
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L-—.| scatterings
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------ Regge
+ O Pseudodata

0.001 0.01

approx. 2% error on the F2 pseudodata, and 8% on the FL pseudodata ,should

be able to distinguish between some of the scenarios.



How Could ep be Done using LHC?

... whilst allowing simultaneous ep and pp running ...

RING-RING

e First considered (as LEPxLHC)
in 1984 ECFA workshop

e Main advantage: high peak
lumi obtainable (~2.1033 cm2 s1)

e Main difficulties: building
round existing LHC, e beam
energy (60GeV?) and lifetime
limited by synchrotron radiation

LINAC-RING

e Previously considered as "QCD
explorer’ (also THERA)

e Main advantages: low interference
with LHC, high E_ (= 150 GeV?) and
lepton polarisation, LC relation

e Main difficulties: lower luminosity

<1033 cm2 s1? at reasonable
power, nNo previous experience exists

preferred option



LHeO Nuclear parton distributions

+ Ry (x,1.69 GeV?)
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R, = Nuclear PDF i / (A * proton PDF i)
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Current status: nuclear parton distribution functions are poorly
known at small x. Especially gluon density, below x=0.01 can be
anything between 0 and |....



LH-O

Diffractive mass distribution

Events

Diffractive event yield (x,p < 0.03, Q2 > 1 GcV:)

® LHeC (E,=50 GeV.2 ™)
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New domain of diffractive masses.
Mx can include W/Z/beauty



